A SUBSTRATE FOR USE IN SEMICONDUCTOR MANUFACTURING AND 
METHOD OF MAKING SAME 



BRIEF DESCRIPTION OF THE INVENTION 

[0001] This invention relates to the packaging of integrated circuits (ICs). More 
specifically, this invention relates to substrates for use in IC packaging. 

BACKGROUND OF THE INVENTION 

[0002] The drive toward miniaturization presents many challenges for the IC 
packaging industry. These challenges are partly addressed through use of leadless 
lead-frame packages (LLPs), which reduce the footprint and height of IC packages by 
eliminating leads that protrude from the sides of a package, instead employing 
contacts that are electrically exposed yet lie flush with an outer surface of the 
package. An LLP is a surface mounted IC package that uses a metal, usually copper, 
lead-frame substrate to both support the IC die and provide electrical connectivity. As 
illustrated in FIG. 1 A and the successively more detailed Figs. IB and IC, in known 
LLPs, a copper lead- frame strip or panel 101 is patterned, usually by stamping or 
etching, to define two dimensional arrays 103 of device areas 105. Each device area 
105 is configured to support a semiconductor die. In the illustrated embodiment, each 
device area 105 includes a die attach pad 107 and a plurality of contacts 109 disposed 
about their associated die attach pad 107. Very fine tie bars 1 1 1 are used to support 
die attach pads 107 and contacts 109 during manufacturing. Although the thickness 
of the metal sheets from which the LLP lead- frames are made may vary, a typical 
thickness may be on the order of 8 mils (0.008") thick. 

[0003] During assembly, IC dice are attached to respective die attach pads 107 and 
conventional wire bonding is used to electrically couple bond pads on each die to 
associated contacts 109 on the device area 105. After wire bonding, a plastic cap is 

molded over the top surface of each device area individually, or over each array 103. 
The capped dice are then cut from the array and tested using known sawing and 
testing techniques. 
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[0004] FIG. 2 illustrates a cross-section of a known LLP. The die attach pad 107 
supports semiconductor die 120, usually attached by an adhesive 160. Die 120 is 
electrically connected to its associated contacts 109 by bonding wires 122. A molded 
plastic cap 125 encapsulates the die 120 and bonding wires 122 and fills the gaps 
between the die attach pad 107 and the contacts 109, thereby holding the contacts in 
place. During singulation, tie bars 1 11 are cut. The resulting packaged chip can then 
be surface mounted on a printed circuit board or other substrate using known 
techniques. 

[0005] Although the cunent lead-frame based chip scale package designs work well, 
there are continuing efforts to provide new and better packages for specific 
applications. 
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SUMMARY OF THE INVENTION 

[0006] A lead-frame based substrate panel for use in semiconductor packaging is 
described. The substrate panel includes a lead-frame panel having at least one array 
of device areas and preferably at least one two-dimensional array of device areas. 
Each device area has a plurality of contacts. The lead-frame panel is filled with a 
dielectric material to fomi a relatively rigid substrate panel that can be used for 
packaging integrated circuits. The top surface of the dielectric material is typically 
substantially coplanar with the top surface of the lead-frame panel, and the bottom 
surface of the dielectric material is typically substantially coplanar with the bottom 
surface of the lead-frame panel. 

[0007] In some embodiments, each device area has a plurality of contacts exposed on 
a bottom surface of the substrate panel, a plurality of wire bonding landings exposed 
on a top surface of the substrate panel, and lead segments electrically coupling 
selected wire bonding landings to their associated contacts. In this arrangement, the 
wire bonding landings and the lead segments are preferably thinner than the substrate 
panel, so that the wire bonding landings are not exposed on the bottom surface of the 
substrate panel. Although the wire bonding landings are not the full thickness of the 
substrate panel, the described arrangement still provides a firm base for wire bonding 
since there is dielectric material below the wire bonding landings. This arrangement 
is particularly well suited for forming grid array style packages. 

[0008] The lead-frame panel may include a matrix of tie bars positioned between 
adjacent device areas and configured to support the lead segments. It may also 
include die attach pads that are exposed on the top surface of the substrate panel. In 
some embodiments, each die attach pad may have a plurality of posts exposed on the 
bottom surface of the substrate panel. 

[0009] The described substrate panel may be used to efficiently package a number of 
integrated circuits. A die is mounted on the substrate in each of the device areas and 
connectors (e.g. bonding wires) are used to electrically connect each die to their 
associated contacts. An encapsulant is then used to encapsulate the die and 
connectors. The device areas may be encapsulated either individually or as a group in 
an array. The encapsulant and the dielectric material used in the substrate may 
optionally be formed of the same or a similar material. 
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[0010] Methods of forming the substrate panel and packaging integrated circuits 
using the substrate panel are also described. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, reference should be made to the 
following detailed description taken in conjunction with the accompanying drawings, 
in which: 

FIG. 1 A illustrates a diagrammatic top view of a lead-frame strip suitable for use in 
packaging integi-ated circuits. 

FIGS. IB-IC illustrate successively more detailed views of selected elements of the 
lead-frame strip of FIG. lA. 

FIG. 2 illustrates a diagrammatic cross-sectional view of an IC package constmcted in 
accordance with the prior art. 

FIG. 3 A illustrates a diagrammatic top view of a lead-frame strip suitable for use in 

packaging integrated circuits. 

FIGS. 3B-3C illustrate successively more detailed views of selected elements of the 
lead-frame strip of FIG. 3A. 

FIG. 4A illustrates a diagrammatic bottom view of selected elements of the lead- 
frame strip of FIG 3 A. 

FIG. 4B illustrates a diagrammatic cross-sectional view of selected elements of the 
lead-frame strip of FIG. 4A subsequent to die attach and wirebonding processes. 

FIG. 5A illustrates a diagrammatic bottom view of a device area in a lead-frame 
constructed in accordance with an embodiment of the invention. 

FIG. 5B illustrates a diagrammatic bottom view of selected elements of a lead- frame 
strip constructed in accordance with an embodiment of the invention. 

FIG. 6 illustrates process details for a device area in a lead-frame strip to be modified 
in accordance with an embodiment of the invention. 

FIG. 7 illustrates process details for a device area in a lead-frame strip to be modified 
in accordance with an embodiment of the invention. 

Like reference numerals refer to corresponding parts throughout the drawings. 
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DETAILED DESCRIPTION OF THE INVENTION 



[001 1] In one embodiment of the present invention, an improved substrate is 

described in which portions of the device areas are filled in with a dielectric material. 
This dielectric material supports the wire bonding landings during wirebonding, 
eliminating the need for exposed electrically conductive areas that must be covered 
with insulating strips. It also fills in gaps around the die attach pad, preventing 
adhesive from flowing into the gaps and eliminating the need to use costly B-stage 
adhesive. 

[0012] This embodiment of the invention is well suited for use in leadless leadframe 
packages (LLPs), although one of skill will realize that it can be applied to other types 
of IC packages as well. Thus, the invention should not be construed as being limited 
to the LLP context. Instead, the invention can be applied to improve any lead- frame 
in which support during wirebonding and/or the mitigation of excess die attach 
adhesive is desirable. 

[0013] In co-pending application No. 09/990,083 filed on November 20, 2001, Bayan 
et al. disclosed a leadless lead-frame strip design suitable for fomiing grid array style 
packages. FIG. 3A illustrates a diagrammatic top view of such a lead-frame strip. 
The lead- frame strip 170 shown is similar in concept to that shown in FIG. lA in that 
it also contains two dimensional arrays 172 of device areas 174 that are connected to 
each other using a matrix of fine tie bars 175. The arrays 172 of the lead-frame strip 
170 can be organized in any two dimensional manner that facilitates the handling, die 
attach, encapsulation, and/or cutting processes. Each device areas 174 is capable of 
supporting a semiconductor die. FIGS. 3B-3C illustrate successively more detailed 
views of the lead-frame strip 170 and in particular the arrays 172. Similar to the 
device area 105 of FIG. I, the device area 174 may include adie attach pad 131 
suitable for receiving a die 120. However, in place of the peripheral contacts 109, the 
device areas 174 include lead contacts 130 electrically connected to the wire bonding 
landings 132 by lead segments 134. The die attach pad 131 may optionally be 
electrically connected to certain of the wire bonding landings 132 to allow 
downbonding, and therefore electrical grounding, of the die 120. 



NSC1P274/P05649 



6 



[0014] FIG. 4 A illustrates a diagrammatic bottom view of a single device area 174 
after encapsulation. As seen therein, the wire bonding landings 132 are exposed on 
the bottom surface of the package, producing exposed posts 133. Similarly, the die 
attach pad and other components such as lead contacts 130 are supported by contact 
pads 136. The contact pads 136 can support the die attach pad 131 during die 
attacliiTient and wire bonding. As the contact pads 136 are also electrically exposed 
on the bottom surface of the packaged chip, they can also act to ground and/or 
electrically couple the die 120 if bond wires 122 are downbonded to the die attach pad 
131. 

[0015] Features such as the contact pads 136 and posts 133 are created by masking 
appropriate areas and half-etching material from the bottom surface of the device area 
1 74 using known masking and etching techniques. The etching process produces a 
half-etched area 138, with substrate material that has been removed to leave masked 
areas such as the posts 133 and contact pads 136 raised relative to the remainder of 
the device area 174. When the device area 174 is encapsulated to produce an IC 
package, the contact pads 136 and posts 133 are left electrically exposed. In this 
manner, solder balls can be placed on the contact pads 136 so that the resulting LLP 
package simulates a ball grid array (BGA) type package, in which electrical 
connection to the die 1 20 is made through a two dimensional array of contact pads 
136. 

[0016] Those of skill in the art will realize that the posts 133 and contact pads 136 can 
be distributed to form many different two-dimensional arrays. In particular, the 
contact pads 136 can be arranged in any manner along the bottom surface of the IC 
package, with lead segments 134 used to connect the contact pads 136 to the wire 
bonding landings 132. 

[0017] FIG. 4B illustrates a cross-section view of the device area 174. FIG. 4B, 
which illustrates section A-A of FIG. 4A, shows the device area 174 after the die 
attach process. Die 120 is attached to the die attach pad 131 with an adhesive 160. 
Bond wires 140 are then attached between bond pads 138 on the die 120, and wire 
bonding landings 132. 

[0018] When dies 120 exceed the size of the die attach pad 13 1, as is increasingly the 
case, there is a risk of the adhesive 160 overflowing the die attach pad 131 and 
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entering spaces 162 between features on the device area 174. Such overflowing can 
interfere with the molding process in a number of ways. For example, the presence of 
adhesive 160 within spaces 162 can result in air bubbles or other voids in the 
encapsulating material, which can compromise the reliability of the package or create 
a cosmetically deficient product. Such overflow issues often necessitate the use of 
more expensive B-stage adhesive, which does not pose a risk of flowing into spaces 
162, rather than less expensive epoxy adhesives. 

[0019] Additionally, as the wire bonding landings 132 must be supported during 
wirebonding, posts 133 are fabricated that extend to the bottom surface of the device 
area 174. The posts 133 would then remain exposed even after application of the 
molded plastic cap 125. Because these contacts remain in electrical communication 
with the die 120 after packaging, they must be covered with an insulating strip or 
somehow electrically insulated using an additional process that adds time and expense 
to the packaging process. 

[0020] FIG. 5 A illustrates a cross-sectional view of the device area of a lead- frame 
substrate constructed in accordance with an embodiment of the invention. The device 
area of FIG. 5A is similar in certain respects to that shown in FIGS, 4A-4B, but 
contains modifications specifically designed to remedy the above-described problems 
of adhesive overflow and support for the wire bonding landings 132. The substrate is 
shown after die attach and wirebonding have taken place, but before encapsulation. 
Prior to attaching the die 120, a dielectric material 164 is used to fill spaces 162, thus 
preventing adhesive 160 from flowing into the spaces 162. As there is no longer a 
risk of excess adhesive flowing into the spaces 162, cheaper epoxy adhesives can be 
employed, instead of more expensive B-stage adhesive. Similarly, areas 170 under 
the wire bonding landings 132 are half-etched instead of masked. The area 170 is 
then filled with dielectric material 164 which, when it hardens, serves to support the 
wire bonding landing 132 during wirebonding. The presence of the hardened 
dielectric material 164 eliminates the need for exposed posts 133, thus saving the 
process time and expense required to fabricate posts 133 and cover them with 
insulating strips. 

[0021] FIG. 5B illustrates a bottom view of the device area 174 of FIG. 5 A. The 
posts 133 have been half-etched away, and the corresponding space has been filled 
with dielectric material 164. Once the encapsulation process is complete, the only 
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electrically exposed conductive areas that can be seen are the contact pads 1 36. In 
this manner, the invention thus eliminates the need for application of any extra 
electrically insulative material. 

[0022] While the posts 1 33 have been removed in the device area 174 of FIGS. 5A- 
5B, it should be noted that such removal need not always occur. If posts 133 can be 
covered with minimal effort and expense, or if unwanted electrical connections to the 
posts 133 will not detract from the functioning of the IC 120, the device area 174 can 
retain the posts 133. In such a configuration the dielectric material 164 will continue 
to fill spaces 162, allowing the use of epoxy rather than B-stage adhesive. 
Conversely, the invention includes the use of B-stage adhesive as the adhesive 160 for 
any reason, even when the dielectric material 164 exists to fill spaces 162. 

[0023] It is beneficial to apply the dielectric material 164 in such a way that, when the 
die 1 20 is to be attached, the top surface of the dielectric material is flush, or 
substantially coplanar, with the top surface 166 of the device area 174. In other 
words, dielectric material 164 fills in spaces 162 throughout the entire thickness T of 
the device area 174. This minimizes the existence of any gaps or depressions where 
excess adhesive 160 can collect. It is also beneficial to apply the dielectric material 
164 so that its bottom surface is flush, or substantially coplanar, with the bottom 
surface 168 of the device area 174. This provides optimum support to the wire 
bonding landings 132 during wirebonding, and also eliminates the need for expensive 
adhesive tape during the encapsulation of packages such as LLPs, quad flat no-lead 
(QFN) packages, and leadless plastic chip carriers (LPCCs). 

[0024] The invention includes the use of any known method to insert dielectric 
material 164 into spaces 162 within device areas 174. However, it is helpful to 
describe some of these methods. FIG. 6 illustrates details of one such method for 
modifying a substrate in accordance with an embodiment of the invention. Here, a 
laminate 200 is applied to the upper and lower surfaces of a lead-frame strip 170. For 
ease of illustration, only one device area 174 is shown. 

[0025] A liquid form of the dielectric material 164 is then injected into the substrate 
panel 101 (for example, in the direction of arrow 210), where it flows into spaces 162 
within the device areas 174. The laminate 200 serves to prevent dielectric material 
from flowing out of the device area 1 74 when it is applied. Once the dielectric 



NSC1P274/P05649 



9 



material 164 is allowed to set, or harden, the laminates 200 can be removed. The 
upper and lower surfaces 166, 168 are then deflashed to remove any excess dielectric 
material, and cleaned. 

[0026] One of skill will recognize that the invention includes other aspects besides 
those discussed or illustrated. For example, while it is often more efficient to 
laminate entire substrate panels 101, and thus many device ai'eas 174, it is also 
possible to individually laminate substrates 174 and inject them with dielectric 
material 164. In addition, it is known that the injection of material into confined 
spaces such as a substrate panel 101 requires the inclusion of gates and channels in 
the panels 101 to direct the dielectric material 164 appropriately. The invention thus 
includes the injection of dielectric material 164, and the design of substrate panels 
101, according to known molding techniques. 

[0027] It should also be noted that the invention is not limited to the fabrication of 
substrates 174 by injecting dielectric material 164 into spaces 162. Rather, the 
invention encompasses the use of any known technique for deposition of dielectric 
material into spaces such as spaces 162. FIG. 7 illustrates one such technique. Here, 
a laminate 200 is applied to the bottom surface 168 of the substrate 174, and 
powdered or granulated dielectric material 164 is deposited in spaces 162. The 
dielectric material 164 is then heated or otherwise subjected to a process that liquefies 
it, allowing the material 164 to more readily conform to the spaces 162. The material 
164 is allowed to cool and/or harden, and the upper and lower surfaces 166, 168 are 
then deflashed and cleaned. 

[0028] Once the substrate 174 is deflashed and cleaned, a first layer of dielectric 
material 164 exists, which is largely of the same thickness as the substrate 174. This 
substrate 174 can then be used in conventional packaging processes, i.e., a 
semiconductor die 120 can be applied to the device area 174 according to 
conventional methods, and a second layer of dielectric material can then be applied 
over the die 120 to create a molded plastic cap 125. As noted earlier, the first layer of 
dielectric material 164 allows for the use of cheaper epoxy instead of more expensive 
B-stage adhesive, and also eliminates exposed posts 133. 

[0029] The dielectric material 164 can be any material capable of supporting wire 
bonding landings 132 during wirebonding, and preventing adhesive 160 from flowing 
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into the spaces 162. However, it is often preferable to use the same material for both 
the dielectric material 164 and molded cap 125. In other words, the first layer and 
second layer of dielectric material should often be made of the same material. For 
example, both layers could be fabricated from a standard molding compound used in 
fomiing an IC package, such as Bi-Phenyl Base compound. This minimizes any 
mechanical stresses that may arise during heating or cooling, should the two layers be 
made of different materials with different thermal expansion properties. 
[0030] The foregoing description, for puiposes of explanation, uses specific 
nomenclature to provide a thorough understanding of the invention. However, it will 
be apparent to one skilled in the art that the specific details are not required in order to 
practice the invention. Thus, the foregoing descriptions of specific embodiments of 
the present invention are presented for purposes of illustration and description. They 
are not intended to be exhaustive or to limit the invention to the precise fomis 
disclosed. Obviously many modifications and variations are possible in view of the 
above teachings. For example, while certain embodiments of the invention offer 
advantages in the fomiation of LLPs, the invention also includes embodiments that 
confer benefits to other IC package configurations. The embodiments were chosen 
and described in order to best explain the principles of the invention and its practical 
applications, to thereby enable others skilled in the art to best utilize the invention and 
various embodiments with various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the invention be defined by the 
following claims and their equivalents. 
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